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coefficients may be generated responsive to a comparison of energy between the downmixed (output) signal and the input signal
to the downmixer (100), such that energy and intended direction of the input signal are substantially preserved in the output signal.
Further, the mix coefficient generation may preserve an intended direction of an input signal, for example, recelived at a surround
Input channel, In at least one output channel of the output signal. The mix coefficient values (ml', mr') may be generated In a test
downmixter (104) environment. Additionally , one or more mix coefficients may be generated by retrieving predetermined mix
coefficient values.
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MULTICHANNEL DOWNMIXING DEVICE

[01] INVENTOR:

David H. Griesinger

BACKGROUND OF THE INVENTION

1. Related Art.

[02] The invention relates to a mixing device, and more specifically, to a
downmixer capable of mixing a multichannel signal including a plurality of channels to an
output signal including a plurality of channels, while preserving the intended direction and
signal energy of the multichannel signal.

[03] Often, audio recordings, or movie soundtracks (film mixes), are created with
more than two audio channels, to give a listener a more realistic feeling that the audio
recording is live. For example, film mixes may be created as 3 channel recordings, providing
left front (LF), right front (RF) and center (C) channels. Film mixes may instead be created
as 5 channel recordings, including the LF, RF and C channels, along with rear left (RL) and
rear right (RR) channels, or in some circumstances, as 5.1 channel recordings including the

channels of the 5 channel recording plus a low frequency (LFE) channel.
[04] However, the listener of the audio recording or film mix may have an audio
system that supports less channels than the number of channels in which the audio recording

or film mix has been created. Typically, this occurs when the listener's audio system

supports only 2 channel (i.e. , stereo) playback. In this circumstance, such recordings are
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provided to a listener as a 2 channel recording by utilizing a combiner (downmixer) to
combine, or downmix, the multichannel signal to 2 channels. The downmixing may occur at
an encoder, for example, where a 2 channel recording is provided on the media (i.e., CD,
DVD, etc.). The downmixing may occur at a decoder of the listener’s audio system where
the decoder downmixes the multichannel signal to the 2 channel mix.

[05] When downmixing a multichannel signal to 2 channels, downmixers typically
employ fixed mix coefficients. A common downmixer used for 5 channel film recordings
mixes the two rear channels together before mixing them in antiphase to the output channels.
This may cause any signal in the rear channels to reproduce from the rear in standard film
decoders. However, information about whether the sound was from the left rear or the right
rear 1S typically lost.

[06] A common downmixer for classical music, for example utilizing a European
Standard for 5 channel downmixing, mixes the two rear channels directly into the output
channels, without any inversion of phase. This may preserve the left/right directionality of
the rear channels, but does not preserver an indication that the signals were intended to be
heard behind the listener. The resulting mix causes the downmixed signal to appear as if it
were in front of the listener, both in two channel playback, and when played through a
standard film decoder.

[07] Some downmixers may slightly vary mix ratios as an attempt to preserve
signal energy, for example, where surround input signals are anticorrelated with respect to
one another. However, signal enérgy and apparent direction of the multichannel signal is not
substantially preserved, for example, where the input signal pans between input channels.

[08] Further, both the standard film downmixer, and the European Standard
downmixer attenuate the rear channels by 3dB before mixing them into the output channels.
This attenuation may cause the loudness of a sound effect applied to one of the rear channels
to be lower than the original five channel mix. In this case the energy in the rear inputs is not
preserved in the output channels.

[09] Yet another problem with the above discussed encoders/decoders is in the
handling of sound events (i.e., a short burst of sound with a well defined beginning and that
may or may not have a well defined end, such as notes from an instrument, or syllables in
speech) when downmixing the input signal. The downmixing algorithms employed cause the

sound event to be reduced in emphasis in the downmixed signal, especially in the presence of

2
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reverberation. The downmixers discussed above cause the sound events to be downmixed in
the front channels. However, when these sound events are downmixed into the front
channels, they may become less audible or even inaudible.

[10] Further, downmixers that mix three front channels into two output channels
suffer from a directional localization problem, where sounds that are mixed in a three channel
recording so they are perceived as coming half-way between the left (or right) front channel
and the center channel, are perceived as coming from a different spot when the three channel
signal is downmixed to two channels and reproduced through two loudspeakers. In practice,
the sound image in the two channel downmix 1s almost at the left loudspeaker (or right),
instead of exactly half-way between the center and the left.

[11] Therefore, a need exists for a downmixer that preserves the intended direction
and the signal energy of a multichannel mix. Additionally, a need exists for a downmixer
that properly mixes an input signal in the presence of reverberation and that emphasizes

sound events within the input signal during the downmixing process.

SUMMARY

[12] A downmixer system is provided for generating mix coefficients for
downmixing a multichannel input signal having a plurality of input channels, to an output
signal having a plurality of output channels. Mix coefficients may be generated responsive to
a comparison of energy between the downmixed (output) signal and the input signal to the
downmixer, such that energy and intended direction of the input signal is substantially
preserved in the output signal. The number of input channels of the input signal may be
greater than, or equal to, the number of output channels in the output signal. Further, or in
the alternative, the mix coetficient generation may preserve intended direction of an input
signal, for example, received at a surround input channel, in at least one output channel of the

output signal. In this circumstance, the preserved intended direction may be utilized at an

- upmixer capable of decoding surround channel information, to place the surround channel

information in the surround channel(s) of the upmix.
[13] The mix coefficients may be generated in a test downmixer environment,
where the test downmixer environment may be utilized to generate the mix coefficients

responsive to input and output signal energy determined using limited-bandwidth (i.e.,
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filtered) input signals received at the test downmixer. The mix coefficients determined using
the test downmixer may then be utilized in a full-bandwidth downmixer.

[14] Mix coefficient values may be generated by retrieving predetermined mix
coefficient values. The predetermined mix coefficient values may be stored in a tabular
format at a storage device of the downmixer, for example, as one-dimensional or two-
dimensional tables. The tables may be indexed by a ratio of output energy to input energy.
When a substantially similar output to input ratio is encountered while downmixing an mput
signal, it may be possible to retrieve one or more mix coefficients from a mix coefficient
table to be used in downmixing the input signal.

[15] Mix coefficients may be generated responsive to an input energy of a plurality
of the input channels. An energy ratio between at least one of the input channels and at least
another of the input channels may be determined, where the mix coefficient generation is
responsive to the energy ratio. The mix coefficient generation may include increasing one or
more mix coefficient values, or decreasing one or more mix coefficient values. Further, a
beginning of a sound event may be detected, where the mix coetficient generation may be
responsive to the input energy and the beginning of the sound event detection.

[16] Other systems, methods, features and advantages of the invention will be, or
will become, apparent to one with skill in the art upon examination of the following figures
and detailed description. It is intended that all such additional systems, methods, features and
advantages be included within this description, be within the scope of the invention, and be

protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[17] The invention can be better understood with reterence to the following
drawings and description. The components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the principles of the invention. Moreover, in
the figures, like referenced nﬁmerals designate corresponding parts throughout the different
VIEWS.

[18] Figure 1 is a functional block diagram of a downmixer device for downmixing

a three channel input signal to a two channel output signal.
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[19] Figure 2 is a flowchart illustrating operation of the downmixer device of

Figure 1.

[20] Figure 3 is a flowchart illustrating generation of the mix coefficients of the
downmixer of Figure 1 and the downmixer of Figure 9.

[21]  Figure 4 is a flowchart illustrating the determining channel energy of Figure 3
that may be used in downmixing a three channel input signal to a two channel output signal.

|22]  Figure 5 is a flowchart illustrating the determining of a feedback constant of
Figure 3 that may be used in downmixing a three channel input signal to a two channel output
signal.

[23] Figure 6 1s a tlowchart illustrating the generating of channel mix coefficients
of Figure 3 that may be used in downmixing a three channel input signal to a two channel
output signal.

|24]  Figure 7 1s a graph of mix coefficients generated in accordance with the flow
charts of Figures 4-6 for a single input signal panned from the center to left channel.

{25]  Figure 8 is a graph of mix coefficients as a function of panning angle, derived
experimentally to compensate for the subtle error in localization when a three channel signal
1s downmixed and reproduced through two channels.

[26] F fgure 9 1s a functional block diagram of a downmixer device for downmixing
a 5.1 channel input signal to a two channel output signal.

[27] Figure 10 is a flowchart illustrating operation of the downmixer device of
Figure 9.

[28]  Figure 11 is a flowchart illustrating determining I/P and O/P channel energy
for generation of Figure 3 for the downmixer of Figure 9.

[29]  Figure 12 is a flowchart illustrating the generating of at least one feedback
constant of Figure 3 for the downmixer of Figure 9.

[30]  Figure 13 is a flowchart illustrating the generating one or more mix
coefficients of Figure 3 for the downmixer of Figure 9.

[31]  Figure 14 is a flowchart illustrating the adjusting of mix coefficients generated
for the downmixer of Figure 9.

[32]  Figure 15 is a flowchart illustrating the determining channel energy of Figure
14,
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[33]  Figures 16 — 17 are flowcharts illustrating the adjusting of one or more mix

coetficients of Figure 14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[34] A downmixer system is provided for generating mix coefficients for
downmixing a multi-channel input signal having a plurality of input channels to an output
signal having a plurality of output channels. An input energy level may be determined for at
least a plurality of the input channels, and mix coefficients may be generated responsive to
the determining at least one of the input and output energy levels such that the signal energy
and the intended direction of the input signal are substantially preserved. An output energy
level may be determined for at least one of the output channels, where mix coefficients may
be generated responsive to the input and output signal energy such that the signal energy and
the intended direction of the input signal are substantially preserved in the output signal.

[33]  The number of output channels in the output signal may be less than the
number of input channels of the input signal, for example, when a three channel input signal
is downmixed to a two output channel output signal. The number of input channels of the
Input signal may be equal to the number of output channels of the output signal, for example,
where the downmixer is utilized to downmix surround channel information.

[36]  The downmixer may provide a listener of the output signal with a substantially
accurate rendition of the apparent direction and relative loudness of the input signal. When
downmixing an input signal including both front channel and surround channel information,
the downmixer may be capable of downmixing the front channel and surround channel
information independently, to substantially preserve energy and intended direction of the
input signal at the output signal. The downmixed surround and downmixed front channel
information may be combined (i.e., added together) to produce a two channel mix of the input
signal.

[37]  The downmixer may be capable of altering an energy ratio between front input
channels and surround input channels of the input signal during downmixing of the input
multichannel signal to the output signal. The energy ratio alterations may be utilized to
provide a substantially accurate rendition of reverberation present in the multichannel input

signal to the output signal. The energy ratio alterations for downmixing may be
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accomplished through mix coefficient adjustments. Additionally, mix coefficients may be
adjusted to emphasize sound events (i.e., notes from an instrument, syllables (phones) of
speech, etc.). Sound events may occur in one or more of the input channels, for example, the
left and right surround channels, to provide a substantially accurate rendition of the sound
events at the output signal of the downmixer.

|38]  Downmixers for downmixing input signals with 3 input and 5.1 input channels
to an output signal having 2 output channels will be discussed below. However, it will be
apparent that the teachings herein may be applied to input signals having a different number
of input channels, and that may be downmixed to an output signal with more than two output
channels.

[39]  Figure 1 is a functional block diagram of a downmixing device capable of
downmixing a multi-channel input signal including at least 3 input channels to an output
signal including a number of output channels less than the number of input channels, here 2
output channels. As shown in Figure 1, a downmixer 100 includes a full-bandwidth
downmixer generally indicated at 102, for downmixing the multi-channel input signal to the
output signal responsive to generated left and right channel mix coefficients ml and mr, such

that signal energy and an intended direction of the input signal are substantially preserved in

the output signal. The full-bandwidth downmixer 102 is capable of downmixing over a broad
range of frequencies, for example, over the 20 — 20,000 frequency range. Other frequency
ranges are possible. The downmixer 100 may further include a test downmixer 104, and a
controller 106, where the test downmixer 104 and controller 106 may be utilized for
generating test mix coefficient values, that may be used to update the left and right mix
coefficients ml and mr of the full-bandwidth downmixer 102, to allow substantial
preservation of the signal energy and intended direction of an input signal at the output
signal, as described below. The test downmixer may operate over a limited frequency range,
for example 700 — 4000 Hz frequency range. Other frequency ranges are possible. The
limited frequency range of operation of the test downmixer may be advantageous as allowing
the mix coefficients of the full-bandwidth downmixer 102 to be generated using a range of
frequencies over which human listeners may be particularly sensitive. Generating the mix
coefficients in this fashion may allow for mix coefficient generation that more accurately

reflects loudness of the input signal at the output signal, as perceived by human listeners.
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[40] As energy and intended direction are substantially preserved at the test
downmixer 104 using the test mix coefficients, the test mix coefficient values, if used in the
full-bandwidth downmixer, will allow the energy and intended direction of the input signal at
the full-bandwidth downmixer to be substantially preserved in the output signal. Upon
generation of the mix coefficients by the test downmixer 104 and controller 106, the
generated values may be utilized to update the mix coefficients of the full-bandwidth
downmixer 102.

[41] As shown in Figure 1, the full-bandwidth downmixer 102 is capable of

downmixing an input signal having 3 channels, for example, left (LI), center (CI) and right

(RI) input channels to be downmixed to an output signal having 2 channels, for example, left

output (LO) and right output (RO) channels.

[42] The full-bandwidth downmixer 102 includes a first mixer 108 and a second
mixer 110, the first and second mixers specifying mix coefficients including a left channel
mix coetficient ml and a right channel mix coefficient mr respectively, for mixing the CI
channel with the LI and RI channels. The CI channel may be mixed with the LI and RI
channels to generate respective L’ and R’ channels. The first mixer 108 is coupled with a
first phase shifter 112 for providing a desired phase shift to the L’ channel, for generating the
LO channel of the output signal. Similarly, the second mixer 110 is coupled with a second
phase shifter 114 for applying a desired phase shift to the R’ channel, for generating the RO
channe] of the output signal. The phase shifters 112 and 114 may be capable of providing a
pure phase shift to the L’ and R’ channel information such that the energy and amplitude of
the L’ and R’ are not affected at any frequency.

[43] The test downmixer 104 may include a first test mixer 116 and a second test
mixer 118. The first test mixer 116 may be capable of receiving at least one of a limited-
bandwidth (i.e., filtered) LI and CI channel information as LIy, and Cly;nm, respectively, and
mixing the LIy, and Clpiy, channel information using a test left channel mix coefficient ml' to
torm a limited-bandwidth test mixer left output channel LOy;,. Similarly, the second test
mixer 118 may be capable of receiving at least one of a limited-bandwidth RI channel
information Rly i, and the Clyi, channel information, and mixing the Rly;, and Cly;, channel
information using a test right channel mix coefficient mr' to form a limited-bandwidth RO

output channel ROy, of the test mixer 104.
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[44]  The controller 106 is coupled with the first mixer 108, the second mixer 110,
the first test mixer 116 and the second test mixer 118. The controlier 106 is capable of
recetving one or more of the LI, CI and RI channel information of the input signal, and
determining limited-bandwidth (i.e., filtered) channel information, for example, LILim, ClLim,
and Rly i, for use in the test downmixer 104. The controller 106 is additionally capable of
receiving output channel information, for example the output channel information LO and
RO from the full-bandwidth downmixer 102, and/or the limited-bandwidth output channel
information LOyiy and ROy, from the test downmixer 104, and generating values for one or
more mix coefficients, for example, the mix coefficients ml and mr of the full-bandwidth
downmixer 102, as described below using the test downmixer 104. The controller 106 may
further be coupled with a storage device 120, providing one or more memory devices that
may be utilized by the controller 106, for example, as a working memory and/or program
memory during operation of the downmixer.

|45] Figure 2 1s a flow chart illustrating operation of the downmixer 100 in
downmixing a multi-channel (i.e., > 2 channel) input signal, here having three channels, to an
output signal having a number of channels less than input signal, here two channels. As
shown in Figure 2, input channel information is received 200 at the full-bandwidth
downmixer 102, for example as LI, CI, and RI channel information.

[46]  The controller 106 is capable of generating 202 at least one of the mix
coefficients ml and mr used by the first and second mixers 108 and 110 to mix the LI, CI and
RI channel information, for example, using the test downmixer 104, as will be discussed
below. The full-bandwidth downmixer 102 may mix 204 the LI and CI channels at the first
mixer 108 to form the L’ channel, as

L’ = LI+ mi*C. (eqn. 1)

[47]  The first phase shifter 112 may then provide 206 a desired phase shift to the L
channel information, where the resulting channel information is provided 212 as the LO
channel of the output signal.

[48]  Similarly, the second mixer 110 may mix 208 the RI and CI channels to form
the R’ channel, as

R’ =RI + mr*C. (eqn. 2)
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[49]  The second phase shifter 114 may then provide 210 any desired phase shift to
the R’ channel information, where the resulting channel information is provided 212 as the
RO channel of the output signal.

[S0]  Although the generating 202 is shown as occurring at a particular location in
the flow chart of Figure 2, it will be apparent that the generating of mix coefficients may be
accomplished at any time during the operation of the full-bandwidth downmixer 102 and/or
may be accomplished at multiple intervals during operation of the full-bandwidth downmixer
102.

[S1]  The mix coefficients ml and mr may be generated 202 at the same time or at
separate times during operation of the full-bandwidth downmixer 102. Additionally, in some
circumstances, it may be desirable to generate only a single mix coefficient, for example, mi
or mr, to be utilized by the full-bandwidth downmixer 102. Further, or in the alternative, the
generating 202 may be accomplished periodically during mixing of the input signal, for
example, at some time interval (i.e., every 1.5 ms or 10 ms), or after processing a particular
amount of input channel information (i.e., 64 samples or 640 samples of input channel
information). Upon generating one or both of the mix coefficients ml and mr, the
controller 106 may update the respective first and/or second mixer 108 and 110 with an
updated value for one or both of the updated mix coefficients. Such updating of mix
coefficient values may occur any time during downmixing of an input signal to the output
signal.

[52]  Mix coefficient generation will be described generally with respect to the flow
chart of Figure 3. The flow charts and graphs of Figures 3-8 and 11-13 will be discussed in
the context of Figure 3, to describe mix coefficient generation for various circumstances.

[53]  Figure 3 is a flowchart illustrating the generating 202 of the mix coefficients, I
for example, the left and right channel mix coefficients ml and mr. The mix coefficient
generation may occur, for example, at the test mixer 104 and controller 106. As shown in
Figure 3, at least one of an input and an output channel energy may be determined 300, for
example, by the controller 106, using the test downmixer 104. The controller 106 may then
determine 302 one or more feedback constants, for example, to smooth/stabilize mix
coefticient value generation, especially in the presence of rapidly varying input channel

information. The controller may then generate 304 mix coetficient(s), for example, the test

mix coefficients ml’ and mr ' responsive to the channel energy and/or feedback constant(s).

10
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The mix coefficients of the full-bandwidth downmixer 102 may be updated with the values of

the test mix coefficients.

[54]  As is described below, the controller 106 typically generates the mix
coefficient values utilizing limited-bandwidth input signal information, for example, by
filtering the LI, CI and/or RI channel information to accentuate audible frequencies, for
example, in the 700-4000 Hz frequency range. The filtering may accentuate other frequency
ranges. Filtering the input channel information may allow the generated mix coefficients to
reflect more accurately the loudness of the sound as perceived by human listeners. Although
the tull-bandwidth downmixer 102 is typically a broad band downmixer capable of
downmixing input signals over a broad range of frequencies, for example 20 Hz - 20 KHz,
human hearing may be particularly sensitive to the energy content in the middle frequencies,
for example the 700-4000 Hz frequency range, and determining the mix coefficients
responsive to the middle frequency range is advantageous as allowing loudness of the input
signal to be preserved in frequencies to which human listeners are most sensitive.
Alternatively, or in addition, the controller 100 may generate mix coefficient values using
full-bandwidth input channel information (i.e., non-filtered input channel information).

[35]  The generating of one or more mix coefficients will be discussed below for
various situations. For example, Figures 4-6 are flowcharts illustrating operation of the
controller 106 utilizing the test downmixer 104 for generating mix coefficients that may be
used (n downmixing a three channel input signal to a two channel output signal. Figure 7 is a
graph 1llustrating mix coefficients generated by the downmixer 100 in accordance with the
tflowcharts of Figures 4-6, with a particular input signal, such that energy and intended
direction of the input signal is substantially preserved at the output signal. Figure 8 is a graph
tllustrating ideal mix coefficients determined experimentally for the particular input signal,
such that energy and intended direction of the input signal is substantially preserved at the
output signal. An mnput signal scenario used in generating the graphs of Figures 7 and 8, may
be utilized in generating predetermined mix coefficient values as described below. Other
Input signal scenarios may be used. Figures 11-13 illustrate mix coefficient generation for a
downmixer capable of downmixing 5.1 input channels to two output channels.

[56]  Figures 4-6 are flow charts illustrating the mix coefficient generation of
Figure 3 that may be utilized in downmixing a three channel input signal to a two channel

output signal.
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[S7]  Figure 4 is a flow chart illustrating operation of the controller 106 and the test
downmixer 104 in determining 300 at least one of an input and output channel energy. As
shown in Figure 4, input channel information is received 400 at the controller 106, including
LI, CI and RI channel information. The input channel information 400 that is recejved may
include one or more digital signal samples of audio information received as the input signal
representing at least one of the LI, CI and RI channel information.

[58]  The input channel information may be filtered 402 by the controller 106 to
form limited-bandwidth input channel information LlLim, ClLim and Rlpi,. For example, the
Input channel information may be filtered to emphasize substantially audible frequencies of
the input signals, such as in the 700 to 4,000 Hz frequency range. Limited-bandwidth input
channel energy may then be determined 404 by the controller 106 for LI and RI channels,
respectively, as

ELILim = LILim” + Cliis’, and (eqn. 3)

ERILim = RlLim” + ClLim?. (eqn. 4)

[59] A limited bandwidth L.O and RO channe! information LOy ;.. and ROLim may
be determined 406 at the test downmixer 104, as

LOgyim = Ll im + ml’, * Cly;,, and (eqn. 5)

ROpim = Rl + mr' * CLy . (eqn. 6)

[60]  Limited-bandwidth output channel energy may determined 408 by the
controller 106 for the LO and RO channels, respectively, as

ELOLim = LOLi2, and (eqn. 7)

ERO¢im = ROLin". (eqn. 8)
The limited-bandwidth input and output channel energy determined at 404 and 408 are
typically averaged by the controller 106 over a plurality of samples of the input channel
information received at the controller 106. The plurality of samples comprise a first time
period, that may include, for example, 64 samples of the received 400 input channel
information.

[61] The limited-bandwidth input and output channel energy is determined as total

limited-bandwidth energy for the LILin, LOLim, RIpim, and ROy, channels that may be

| averaged 410 as ELIsym, ELOsum, ERIsym, EROsun channel energy, respectively, where

ELIsym = ELIgym + ELILim (eqn. 9)
ERIsym = ERIgum + ERILim (eqn. 10)
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EROsym = EROgyp + EROp i1 (eqn. 12)

[62]  Next, it may be determined 412 whether the averaging is complete. Where it
s determined 412 that the averaging is not complete, flow returns to the receiving 400 input
channel information as discussed above. However, where it is determined 412 that the first
time period is complete, total limited-bandwidth input and output channel energy is
determined 414 as total limited-bandwidth left and right channel input and output energy
EINLLim, EINRLim, EOUTLLim, and EOUTR i, respectively, where

EINLpim = ELIsym + EClsunm (eqn. 13)
EINRyim = ERIsym + EClsym (eqn. 14)
FEOUTLLim = ELOgyn, and (eqn. 15)
FEOUTRLim = EROgsyn. (eqn. 16)

[63]  Upon determining at least one of an input and an output channel energy at
300, a feedback constant(s) may be determined 302 in accordance with the flowchart of
Figure 5.

[64]  Figure 5 is a flowchart illustrating operation of the controller 106 in
determining at least one feedback constant for generating mix coefficients to downmix a
three channel input signal to two output channels. At 500 it is determined whether a total LO
channel energy, EOUTLy;, , is greater than a total limited-bandwidth LI channel energy,
EINLyim . Where it is determined 500 that the total limited-bandwidth LO energy is not
greater than the total limited-bandwidth LI energy, a left-channel feedback constant fbl may
be generated 502 by the controller 106 as

fbl = 0.98 * {bl. (eqn. 17)
The left-channel feedback constant fbl may be initialized to a value of, for example, 1. Other
initial values for the feedback constant may be utilized, for example, between 0 and 1.
However, where it is determined 500 that the total limited-bandwidth LO channel energy is
greater than the total limited-bandwidth LI channel energy, a left-channel feedback constant
1s generated 504 by the controller 106 as

tbi=0.98 bl + gtb (EOUTL i / EINLpinm )-1), (eqn. 18)

where gfb may have a value of 0.04. The value for gfb may be selected experimentally with
considerations, for example, that a high value of gfb may cause feedback loop instability,

and a low value of gfb may substantially reduce or eliminate feedback action.
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[65] Upon generating 502 or generating 504 the feedback constant, it is determined
506 whether the total limited-bandwidth RO channel energy, EOUTRim, 1S greater than the
total limited-bandwidth RI channel energy, EINRy ;. Where it is determined 506 that the
total limited-bandwidth RO channel energy is not greater than the total limited-bandwidth RI
channel energy, a right-channel feedback constant fbr may be generated 510 by the controller
106 as

tbr = 0.98 * fbr. (eqn. 19)
A value for tbr may be initially set as one. However, where it is determined that the total
limited-bandwidth RO channel energy is greater than the total limited-bandwidth RI channel
energy, the right-channel feedback constant fbr may be generated 508 by the controller 106

as
for =0.98 for + gtb (EOUTRyim /EINRLim )-1). (eqn. 20)
[66] Although not shown, it will be apparent that the total limited bandwidth LO

channel energy, the total limited bandwidth RO channe] energy, the total limited-bandwidth
L1 energy and/or the total limited-bandwidth RI energy may be filtered, for example, low-
pass filtered, before determining one or both of the feedback constants fbl and fbr. The
filtering may be accomplished at the controller 106, for example, as low-pass filtering. The
low pass filtering may utilize, for example, a 70 ms time constant. Other time constants may
be utilized. Further, it will be apparent that at least some of the filtering may not be carried
out by the controller 106, but rather the filtering may be accomplished by one or more filters
embodied as hardware devices.

[67] Returning to Figure 3, upon determining 302 the feedback constant(s), one or
more test mix coefticients may be generated 304 by the controller 106 as described with

respect to the flowchart of Figure 6. As shown in Figure 6, a test left channel mix coefficient
ml’ may be generated 600 by the controller 106 as
ml’ = 0.71 + tbl * If + fbr * rf] (eqn. 21)
where bl and fbr have values as determined above with respect to Figure 5, If has a value of
-1 and rf has a value of 0.3. The values for If and rf may be used to bias the test mix
coefficients ml" and mr’ respectively. The test mix coefficients may be biased using If and

rf, for example, to compensate for a subtle error in localization (i.e., intended direction)
when a three channel signal is downmixed and reproduced through two channels. Other

values for If and rf may be utilized.
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[68] After generating 600 a value for the test left channel mix coefficient ml’, the
value for the test mix coefficient ml’ may be limited 602 to a value between 0 and 1. For
example, where m)’ is determined to be less than 0, ml’ is set to a value of 0, and where ml’ is

determined to be greater than 1, ml’ is set to a value of 1.

[69] A test right channel mix coefficient mr' may then be generated 604 by the
controller 105 as
mr’ = .71 + fbl * rf + fbr * If, (egn. 22)
where tbl, tbr, rf and If have values as discussed above <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>